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(57] ABSTRACT

A novel thermosetting resin, the thermoset resin ob-
tained therefrom having such a thermal resistance that
the temperature at which the thermoset resin is caused
to show a weight loss of 6% by heating at a tempera-
ture elevation rate of 10°C. per minute is at least
400°C., is prepared by reacting a specific phenolic
resin with a member selected from the group consist-
ing of a silicic acid ester of the formula Si(OR),
wherein R represents alkyl or aryl, a titanic acid ester
of the formula Ti(OR), wherein R has the same mean-
ing as defined above and a mixture thereof in the pres-
ence of an alkaline catalyst while keeping the reaction
system in a molten state, to an extent that 20 — 70
mole %, based on the phenol present in the starting
system to be reacted with said member, of phenolic
hydroxyl groups in terms of the amount of phenol, re-
main unreacted. The thus obtained novel resins of the
present invention can be easily set or hardened in ac-
cordance with the ordinary manner; namely by mixing
with a thermohardening agent such as hexamethylene-
tetramine and then heating, to give thermoset resins
having a superior thermal resistance as compared with
the conventional phenolic resins. In addition, the ther-
moset resins obtained from the novel resins of this in-
vention are excellent in mechanical strength, electrical

properties and luster of molded articles.

10 Claims, No Drawings
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NOVEL THERMOSETTING RESINS AND PROCESS
FOR PREPARING THE SAME COMPRISING
REACTING A NOVOLAK WITH A TITANIC ACID
ESTER

This invention relates to novel thermosetting resins
and a process for preparing the same.

More particularly, this invention relates to a novel
thermosetting resin possessing a supertor property in
respect of thermal resistance and a process for prepar-
ing the same.

In recent years there has increased a demand for
heat-resistant plastic materials to be used for the indus-
trial purposes and many attempts have been made to
develop such heat-resistant plastic materials. In fact,
although there i1s an increasing use requiring high heat-
resistance of the various molded articles, there have
rarely been found thermosetting resins, particularly
phenolic resins, which are resistant to temperature as
high as more than 400°C. It is well known that the
thermal stability of conventional phenol-formaldehyde
resisns is insufficient for the various uses since the
methylene bridges tend to be thermally decomposed at
relatively high temperature.

For the purpose of developing thermosetting resins
possessing a superior property in respect of thermal
resistance, we have made intensive studies, particu-
larly, on phenolic resins. As a result, it has been unex-
pectedly found that a phenolic resin 1s reacted with a
member selected from the group consisting of a silicic
acid ester, a titanic acid ester and a mixture thereof to
have oxygens of the phenolic hydroxyl groups of the
phenolic resin bonded directly to silicon, titanium or a
mixture thereof whereby the thermal stability of the
resulting resin can be greatly improved.

It is, accordingly, an object of the present invention
to provide a thermosetting resin the thermoset resin
obtained from which is superior in thermal resistance.

It 1s another object of the present invention to pro-
vide a process for the preparation of a thermosetting
resin of the character described, which is simple in
operation and commercially useful.

The foregoing and other objects, features and advan-
tages of this invention will become apparent to those
skilled in the art from the following detailed descrip-
tion.

Essentially, according to the present invention, there
is provided a thermosetting resin, the thermoset resin
obtained therefrom having such a thermal resistance
that the temperature at which the thermoset resin 1s
caused to show a weight loss of 6% by heating at a
temperature elevation rate of 10°C. per minute Is at
least 400°C., which comprises a reaction product of a
novolak which is obtained by the reaction of a phenol
and an aldehyde in the presence of an acid catalyst or
a phenolic resin which is obtained by the reaction of a
phenol and an aromatic hydrocarbon-aldehyde con-
densation initial-stage reaction product with a member
selected from the group consisting of a silicic acid ester
of the formula Si(OR), wherein R represents alkyl or
aryl, a titanic acid ester of the formula Ti(OR),
wherein R has the same meaning as defined above and
a mixture thereof, said reaction product having such
structure that the silicon, titanium or a mixture thereof
is bonded directly to oxygens of the phenolic hydroxyl
groups while 20 - 70 mole %, based on the phenol
present in the starting system to be reacted with said
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member, of the phenolic hydroxyi groups, in terms of
the amount of phenol, are left in the free form. Such
novel thermosetting resin can be prepared by reacting
a novolak which is obtained by the reaction of a phenol
and an aldehyde in the presence of an acid catalyst or
a phenolic resin which is obtained by the reaction of a
phenol and an aromatic hydrocabon-aldehyde conden-
sation initial-stage reaction product with a member
selected from the group consisting of a silicic acid ester
of the formula Si(OR), wherein R represents alkyl or
aryl, a titanic acid ester of the formula Ti{OR},
wherein R has the same meaning as defined above and
a mixture thereof in the presence of an alkaline catalyst
while keeping the reaction system 1n a molten state, to
an extent that 20 - 70 mole %, based on the phenol
present in the starting system to be reacted with said
member, of phenolic hydroxyl groups, in terms of the
amount of phenol, remain unreacted.

The phenolic condensation initial-stage reaction
product to be employed as a starting material in the
process of the present invention; namely, a novolak or
a phenolic resin consisting of a reaction product of a
phenol and an aromatic hydrocarbon-aldehyde con-
densation intial-stage reaction product, 15 a known
product and can readily be prepared in accordance
with the orinary method. Thus, illustratively stated,
according to the process of this invention, a phenol 1s
reacted with an aldehyde of an amount of 0.7 - 1.0
moles, preferably 0.75 ~ 0.9 moles per mole of the
phenol at a temperature of 80°- 150°C. in the presence
of an acid catalyst for 10 - 250 minutes to form a novo-
lak having a desired degree of condensation, followed
by removal of the aldehyde remaining unreacted and
the water produced during the reaction under reduced
pressure, an alkaline catalyst 1s added to render the
reaction system alkaline and then a silicic acid ester, a
titanic acid ester or a mixture thereof i1s added to allow
the reaction to proceed, while keeping the reaction
system in a molten state, to an extent that 20 - 70 mole
%, based on the phenol present in the starting system to
be reacted with said ester, of phenolic hydroxyl groups,
in terms of the amount of phenol, remain unreacted. In
case an aromatic hydrocarbon-aldehyde condensation
initial-stage reaction product is employed, a phenol 1s
reacted with the aromatic hydrocarbon-aldehyde con-
densation initial-stage product of an amount of | - 2
parts by weight, preferably 1.1 — 1.3 parts by weight per
part by weight of the phenol in the presence of a strong
acid catalyst, such as sulfuric acid, benzenesulfonic
acid, p-toluenesulfonic acid, hvdrochloric acid or the
like at a temperature of 80° 200°C. for 30 - 30. min-
utes followed by removal of water under reduced pres-
sure and an alkaline catalyst s added to render the
reaction system alkaline, whereupon a silicic acid ester,
a titanic acid ester or a mixture thereof 1s added to
allow the reaction to proceed, while keeping the reac-
tion system In a molten state, to an extent that 20 - 70
mole %, based on the phenol present in the starting
system to be reacted with said ester, of phenolic hy-
droxyl groups, in terms of the amount of phenol, re-
main unreacted.

The term ““a phenol” used herein 1s intended to mean
a monohydric phenol such as phenol (monohydroxy-
benzene), cresol or the like; a polyhydric phenol such
as 2,2-bis(p-hydroxyphenyl)- propane(bisphenol A),
2,6-bis(2-hydroxybenzyl) phenol or the like; or a mix-
ture thereof.
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The term “ualdehyde™ used herein is mtended to
mean an aldehyde capable of forming a phenolic resin
in cooperation with a phenol, for example formalde-
hyde, acetaldehyde, turfural or the like.

The aromatic hydrocarbon-uldchyde condensation
initial-stage reaction products 1o be employed in the
process of this invention are suitably those hiaving an
average molecular weight of 250 - 1,000 and include
resins obtained by condensation reaction of an alde-
hyde with xylene, toluene, acenaphthene, cymenc,
mesitylene, 1.2.4-trimethylbenzene, durenc, naphtha-
lene, pentamethylbenzene, acenaphthylene and the
like.

Examples of the silicic acid esters to be employed 1n
this invention include tetramethoxysilane, tetracthoxy-
silane, tetrapropoxysilune, tetrabuthoxysilane, tetra-
phenoxysilune and tetrabenziloxysilane, which may be
employed alone or in mixture thereof. Examples of the
titanic acid esters to be employed in this invention
include titanium tetrisopropoxide, titanium tetrabu-

OH

CH

thoxide. tetra(2-cthyhhexyl titanate, tetrastearyl tita-
nate, titanyl acetylacetonato and titanium tetraphenox-
ide. which may be employed alone or in mixture.

In carrying out the process of the present invention,
it is of importance to terminate the reaction so that 20
— 70 mole % . based on the phenol present in the start-
ing to be reacted with the ester, of the phenolic hy-
droxyl groups, in terms of the amount of phenol, may
remnain unreacted. It is achieved by controlling the
amount of the ester employed. llustratively stated,
while the silicic acid esters and the titanic acid esters
may also be employed in mixture thereof, the sihicic
acid ester and/or the titanic acid ester may be em-
ployed in an amount of 0.06 - 0.2 molar equivalents,
based on the amount of phenol or phenolic value in the
starting system to be reacted with the ester.

The reaction is effected while keeping the reaction
system in a molten state but attention should be given
< that the reaction temperature is kept below the boil-
ing point of the silicic acid ester or the titanic acid ester
employed. The reaction time is not critical but 15 usu-
ally 20 — 150 minutes for which substantially all of the
silicic acid ester and/or the titanic acid ester employed
is reacted with phenol component present in the start-
ing system. The reaction 1s carried out i the presence
of an alkaline catalyst. Examples of suitable alkaline
catalysts include alkali and alkaline earth metal hy-
droxide such as potassium hydroxide, sodium hydrox-
ide. lithium hydroxide, calcium hydroxide, barium hy-
droxide. strontium hydroxide and magnesium hydrox-
ide; primary amines such as methylamine, ethylamine,

propylamine and butylamine; secondary an1%ncs such as
ethylenediamine and diethylamine; and tertiary amines
such as triethanolamine. The reaction system is main-
tained at an alkaline condition, preferably ata pH value

of 7.5 - 10.0.
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As described hereinbefore, the present mvention has
been made, based on such novel finding that if, partly
in substitution for hydrogen of the phenolic hydroxyl
groups of the novolak or the phenolic resin from a
phenol and an aromatic hydrocarbon-aldehyde con-
densation initial-stage reaction product, silicon and/or
titannium is bonded 1o oxygens of said phenolic hydroxyl
groups, the resulting phenolic resin is imparted a supe-
rior property in respect of the thermal resistance, that
is. the thermoset resin obtained such resulting phenolic
resin has such excellent thermal resistance that the
temperature at which the thermoset resin s caused to
show o weight loss of 6% by heating at a temperature
clevation rate of 10°C. per minute is at least 400°C.
Difterently stated, the thermosetting resins of the pre-
sent invention have an entirely novel structure. For
explaining this feature of this invention more clearly,
the reaction formula in the process according to this
invention is given below, taking as an example the case
where typical materials are employed.

Si=
o”

CH

Si{ocu3)4-) + CH_.OH

wherein n is 3 - 10 in average. As apparent from the
above, the incorporation of silicon and/or ttanium
bonded to oxygens of the phenolic hydroxyl groups into
the structure of resin is essential to the present inven-
tion. Such incorporation of silicon and/or titanium 1s
effected with expulsion of the corresponding alcohol to
the ester used. Accordingly, the kinds of classes of the
alky!l or aryl have no significance in the present inven-
tion.

The thus obtained novel resins of the present inven-
tion can be easily set or hardened in accordance with
the ordinary manner; namely by mixing with a thermo-
hardening agent such as hexamethylenetetramine (hex-
amine ), polyoxymethylene or the like and then heating,
to give thermoset resins having a superior thermal resis-
tance as compared with the conventional phenolic
resins. In addition, the thermoset resins obtained from
the novel resins of this invention are excellent 1n me-
chanical strength, electrical properties and luster of
molded articles. Particularly, when xylene-formalde-
hyde resin is employed as an aromatic hydrocarbon-
aldehyde resin in this invention, the resulting resin has
an excellent property in respect of adhesiveness to
metals.

The following examples are given only for the pur-
pose of illustrating this invention.

._ EXAMPLE |

245 g. of phenol (monohydroxybenzene) and 1635 g.
of formalin (formaldehyde content: 37% by weight.
The same is referred to the following examples) were
charged in a four-neck flask and 2 ml. of IN HCI were
then added while stirring. The reaction was allowed to
proceed at 100°C. for 90 minutes, followed by removal
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of water under reduced pressure. To the resulting reac-
tion mixture 8 ml. of a 10% aqueous solution of potas-
sium hydroxide were added at 100°C., immediately
whereupon 54 g. of tetraethoxysilane were added and
heated to 130°C. The reaction was allowed to proceed
for 100 minutes and then the reaction mixture was
concentrated to give a white, solid resin. To the thus
obtained resin were added 10% by weight of hexamine
and heated at 170°C. to obtain an infusible product, the
thermal resistance of which is given in Table 1 (shown

later).

EXAMPLE 2

In the substantially same manner as described 1n
Example 1, 94 g. of phenol, 82 g. of bisphenol A and 65
g. of formalin were charged in a flask and molten, with
stirring, by heating. 1 Ml of IN HC] were added at
100°C. for 30 minutes, followed by removal of water
under reduced pressure. Then, 6 ml. of a 10% aqueous
solution of potassium hydroxide were added at 100°C.,
immediately whereupon 30 g. of tetraethoxysilane were
added and heated to 145°C. The reaction was allowed
to proceed for 120 minutes followed by concentration
under reduced pressure to give a white, solid resin. The
resin was hardened by mixing with 10% by weight of
hexamine and heating. The thermal resistance of the
thermohardened resin is given in Table 1.

EXAMPLE 3

In the substantially same manner as described In
Example [, 100 g. of Nikanol H (trade name of xylene-
formaldehyde resin manufactured and sold by Nthon
Gasu Kagaku Kabushiki Kaisha, Japan and having an
average molecular weight of 350 — 500 and a viscosity
[1]20°C of 3,000 - 100,000) and 130 g. of phenol were
charged in a flask and 1.5 ml. of benzenesulfonic acid
(purity: 80% ) were added, whereupon the reaction was
allowed to proceed at 95°C. for 100 minutes, followed
by removal of water. Then, 8 ml. of a 10% aqueous
solution of potassium hydroxide at 105°C. and subse-
quently 34.5 g. of tetraethoxysilane were added. The
reaction system was heated to 130°C. and the reaction
was allowed to proceed for 100 minutes, followed by
concentration to give a white, solid resin. The thus
obtained resin could easily be hardened by heat-treat-
‘ment using 10% by weight of hexamine. The thermal
property is shown in Table 1.

EXAMPLE 4

In the substantially same manner as described In
Example 1, 100 g. of the Nikanol H and 130 g. of phe-
nol were charged in a flask, whereupon 1.5 g. of ptol-
uene-sulfonic acid were added. The reaction was al-
lowed to proceed at 95°C. for 100 minutes, whereupon
5 ml. of a 10% aqueous solution of potassium hydrox-
ide to render the reaction system weakly alkaline.
Then, 23 g. of formalin were added to allow the reac-
tion to proceed for 30 minutes, followed by removal of
water under reduced pressure. When the temperature
was elevated to 105°C., 3 ml. of a 10% aqueous solu-
tion of potassium hydroxide were added and then 34.5
g. of tetraethoxysilane were added. The reaction sys-
tem was heated to 130°C. to allow the reaction to pro-
ceed for 100 minutes, followed by concentration to
give a white, solid resin. The thus obtained resin was
hardened with a comparatively high velocity by heat-
treatment using 10% by weight of hexamine. The ther-
mal property is shown in Table 1.
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EXAMPLE §

245 g. of phenol and 165 g. of formalin were charged
in a four-neck flask and 2 ml. of IN HCI were added
with stirring, whereupon the reaction was allowed to
proceed at 95°C. for [00 minutes, followed by removal
of water under reduced pressure. When the tempera-
ture of the reaction system was elevated to 95°C., 8 ml.
of an aqueous solution of potassium hydroxide were
added. Immediately after the addition of said aqueous
solution, 64 g. of titanium tetraisopropoxide and the
reaction was allowed to proceed at 95°C. for 100 min-
utes, followed by concentration to give a red, sold
resin. The resin was hardened by heat-treatment using
10% by weight of hexamine. The thermal property of
the thus obtained thermohardened resin is shown in

Table 1.
EXAMPLE 6

In the substantially same manner as described in
Example 35, 94 g. of phenol, 82 g. of bisphenol A and 65
g. of formalin were mixed and molten by heating. Then,
] ml. of IN HCI was added and the reaction was al-
lowed to proceed at 95°C. for 30 minutes, followed by
removal of water under reduced pressure. To the reac-
tion mixture were added, at 95°C., 6 ml. of a 10% aque-
ous solution of potassium hydroxide, immediately after
which 45 g. of titanium tetraisopropoxide were added
and the reaction was allowed to proceed for 120 mn-
utes, followed by concentration under reduced pres-
sure to give a red, solid resin. The resin was hardened
by mixing with 10% by weight of hexamine and heating.
The thermal property of thus obtained thermoset resin
1s shown In Table 1.

EXAMPLE 7/

In the substantially same manner as described 1in
Example 5, 100 g. of Nikanol H and 130 g. of phenol
were charged in a four-neck flask and 1.5 ml. of ben-
zenesulfonic acid were added with stirring, whereupon
the reaction was allowed to proceed at 95°C. for 120
minutes, followed by removal of water. At 95°C. 8 ml.
of a 10% aqueous solution of potassium hydroxide were
added to the system and 34.5 g. of titanmum tetraiso-
propoxide were added, whereupon the reaction was
allowed to proceed for 100 minutes, followed by con-
centration under reduced pressure to give a red, sohd
resin. The resin was hardened by heat-treatment using
10% by weight of hexamine. The thermal property of
the thus obtained thermoset resin is shown in Table 1.

EXAMPLE 8

In the substantially same manner as described In
Example 7, 100 g. of Nikanol H and 130 g. of phenol
were mixed and 1.5 g. of p-toluenesulfonic acid were
added, whereupon the reaction was allowed to proceed
at 95°C. for 90 minutes. Then, 5 ml. of a 10% aqueous
solution of potassium hydroxide were added to render
the reaction system weakly alkaline and 23 g. of forma-
lin were added, whereupon the reaction was conducted
for 30 minutes, followed by removal of water. At 95°C.
3 ml. of a 10% aqueous solution of potassium hydrox-
ide were added to the system and then 34.5 g. of tita-
nium tetraisopropoxide were added, whereupon the
reaction was allowed to proceed for 100 minutes to
give a red, solid resin. The resin was mixed with 10% by
weight of hexamine and heated to effect hardening.
The thermal property of the thus obtained thermohard-
ened resin Is shown In Table 1.
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EXAMPLE 9

The substantially same procedure as described n
Example 5 was repeated except that titanium tetrabu-
thoxide was employed in place of titanium tetraiso-
propoxide. There was obtained a red, solid resin. The
resin was mixed with 10% by weight of hexamine and
heated to effect hardening. The thermal property of the
thus obtained thermohardened resin is shown in Table

l.
EXAMPLE 10

The substantially same procedure as described 1n
Example 7 was repeated except that titanium tetrabu-
thoxide was employed in place of titanium tetraiso-
propoxide. There was obtained a red. solid resm. The
resin was mixed with 10% by weight of hexamine and
heated to effect hardening. The thermal property of the

thus obtained thermohardened resin 1s shown tn Table
l.

EXAMPLE 11

The substantially same procedure as described 1n
Example § was repeated except that titanium tetrabu-
thoxide was employed in place of titanium tetraiso-
propoxide. There was obtamed a red, solid resin. The
resin was mixed with 10% by weight of hexamine and
heated to effect hardening. The thermal property of the
thus obtained thermohardened resin is shown in Table

.
EXAMPLE 12

The substantially same procedure as described 1n
Example 1 was repeated except that tetrapropoxysilane
was employed in place of tetracthoxysilane. There was
obtained a white. solid resin. The resin was mixed with
10% by weight of hexamine and heated to eftect hard-
ening. The thermal property of the thus obtained ther-
mohardened resin is shown in Table 1.

EXAMPLE 13

The substantially same procedure as described 1n
Example 3 was repeated except that tetrapropoxysilane
was employed in place of tetraethoxysilane. There was
obtained a white, solid resin. The resin was mixed with
10% by weight of hexamine and heated to eftect hard-
ening. The thermal property of the thus obtained ther-
mohardened resin is shown in Table [.

EXAMPLE 14

The substantially same procedure as described in
Example 1 was repeated except that tetrabuthoxysilane
was employed in place of tetraethoxysilane. There was
obtained a white, solid resin. The resin was mixed with
10% by weight of hexamine and heated to effect hard-
ening. The thermal property of the thus obtained ther-
mohardened resin is shown in Table 1.

EXAMPLE 15

The substantially same procedure as described in
Example 3 was repeated except that tetrabuthoxysilane
was employed in place of tetraethoxysilane. There was
obtained a white, solid resin. The resin was mixed with
10% by weight of hexamine and heated to effect hard-
ening. The thermal property of the thus obtained ther-
mohardened resin is shown in Table 1.
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EXAMPLE 16

282 . of phenol, 90 g. of paraformaldehyde and 28 g.
of water were charged in a four-neck flask and heated,
while stirring, to dissolve the paraformaldehyde,
whereupon the temperature was lowered to 65°C. and
0.282 g. (0.1% by weight based on the phenol) of p-tol-
uenesulfonic acid were added. The temperature was
elevated to 90°C. and then, the reaction was allowed to
proceed at 90°C. for 60 minutes, followed by removal
of water under a reduced pressure of 600 mmHg. At
90°C. in a 10% agueous solution of potassium hydrox-
ide was added to adjust a pH value of the reaction
system to 7.5 and water was completely removed,
whereupon 28.4 g. of titanium tetraisopropoxide were
added and the temperature was elevated to 105°C. At
that temperature the reaction was allowed to proceed
for 60 minutes. Then, 31.2 g. of tetraethoxysilane were
added and the temperature was elevated to 130°C.,
whereupon the reaction was allowed to proceed for 60
minutes, followed by concentration under reduced
pressure to obtain a red, opaque, solid resin. The resin
was mixed with 10% by weight of hexamine and heated
at 170°C. to effect hardening. The thermal property of
the thus obtained thermohardened resin is shown iIn
Table .

COMPARATIVE EXAMPLE

245 g. of phenol and 165 g. of formalin were charged
m a four-neck flask and 2 ml. of IN HCI were added
while stirring, whereupon the reaction was allowed to
proceed at 95°C. for 120 minutes, followed by concen-
tration under reduced pressure to obtain a solid novo-
lak. The novolak was mixed with 10% by weight of
hexamine and heated to effect hardening. The thermal
property of the thus obtained thermohardened resin 1s
shown 1n Table 1.

Table 1.

Result of Thermogravimetric Analysis

Temperature at which the resin is caused to show a weight
loss of 6% *

No. of Temperature, No. of Temperature,

Example °C. Examplc “C.
l 405 { 430
2 420 ] 430
3 42() 2 42()
4 420 3 42()
5 430 | 4 420
6 43() 15 420
7 430 16 430
K 430

Comparative

9 43() Examplc 280

*2(} mg. of the rcsin was taken as a specimen and the specimen was heated at a
temperature ¢levation rate of 10°C. per minute by employing a Micro Electrobal-
ance Type-8002 Thermogravimetric Analyser manufactured and sold by Rigaku
Dcnki Kabushiki Kaisha, Japan to determine the temperature at which thc resin was
caused to show a weight loss of 6%.

What is claimed is:

1. A process for preparing a thermoset resin having a
thermal resistance such that the temperature at which
the resin is caused to show a weight loss of 6% when
heated at a temperature elevation rate of 10°C per
minute is at least 400°C, said process comprising the
steps of reacting:

1. a novolak obtained by the reaction of a phenol and

an aldehyde in the presence of an acid catalyst with

2. a titanic acid ester of the formula Ti (OR),

wherein R represents alkyl or aryl in the presence
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of an alkaline catalyst while keeping the reaction
systern in a molten state, said titanic acid ester
being employed in an amount of 0.06-0.2 molar
equivalents, based on the amount of phenol present
in the starting system to be reacted with said titanic
acid ester, to produce a thermosetting resin; adding
hexamethylenetetramine to said thermosetting
resin and heating the resultant mixture to produce
the thermoset resin.

2. A process for preparing a thermoset resin accord-

ing to claim 1 wherein said reaction system has a pH
value of 7.5-10.0.

J. A process according to claim 1 wherein the reac-
tion of said novolak resin with said titanic acid ester is
carried out for a period of 20-150 minutes.

4. A process according to claim 1 wherein said phe-
nol is a member selected from the group consisting of
monohydroxybenzene, cresol, 2,2-bis(p-hydroxy-
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10
phenyl)-propane, and 2,6-bis-(2-hydroxybenzyl)-
phenol.
5. A process according to claim 1 wherein said titanic

acid ester 1s a member selected from the group consist-
ing of titanium tetraisopropoxide, titanium tetrabu-
thoxide, tetra(2-ethyl)hexyl titanate, tetrastearyl tita-

nate, titanyl acetylacetonato, and titanium tetra-
phenoxide.

6. A process according to claim 1 wherein said alde-
hyde 1s a member selected from the group consisting of
formaldehyde, acetaldehyde and furfural.

7. A thermoset resin prepared according to the pro-
cess of claim 1.

8. A thermoset resin prepared according to the pro-
cess of claim 4.

9. A thermoset resin prepared according to the pro-
cess of claim 5.

10. A thermoset resin prepared according to the

process of claim 6.
* o * % *
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